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Abstract 
An article in the November 1986 National Geographic magazine examined the 
question of Columbus's first landfall in the Americas. The author, Luis Marden, was 
the first to quantitatively include the effects of the winds and currents in reconstruct-
ing the transoceanic portion of the voyage. There seemed, however, to be two major 
weaknesses in his analysis. First, the leeway effect on the ship by the wind was 
ignored for that portion of the ·voyage west of 40W, the whole second half of the 
voyage. Second, currents from pilot charts were used with the corresponding speed 
determined by the prevailing current. We sought to reanalyze the track using the 
leeway effect for the whole transatlantic track and using more appropriate average 
vector velocities of the current. Using climatological winds and currents we found 
the island of San Salvador (Watling Island) to be the most likely site of the first 
landfall of Columbus. This paper discusses the effects of wind, current, leeway, and 
magnetic variation on the determination of the landfall. 
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IV 
Introduction 
The publication of articles by Luis Marden and Joseph Judge in the Novem-
ber 1986 National Geographic renewed interest in Columbus's first voyage 
to the New World. This interest will no doubt heighten in the coming years 
as 1992 will mark the 500th anniversary of the European rediscovery of the 
Americas. It is surprising tl;lat 500 years after Columbus's first arrival in 
the Bahamas the precise landfall is still under considerable debate. 
Several investigators before Marden have attempted to reconstruct the 
initial voyage of Columbus to determine the site of the first landfall. For 
almost 100 years geographers have proposed landfalls ranging from Turk 
Island in the southeast to Egg Island in the northwest of the Bahama Is-
lands. San Salvador has been favored by researchers such as R.T. Gould, 
S.E. Morison, and J.W. McElroy. In addition to their recomputation of 
the transoceanic track, Marden and Judge backtracked from Columbus's 
description of subsequent landfalls. Their treatment differs from that of 
previous investigators, such as McElroy [1941]' by applying the effects of 
current and leeway to the course recorded in Columbus's log. Marden's 
analysis indicates modern day Samana Cay as the probable first landfall. 
The evidence is not conclusive however. The backtracking analysis is still 
largely subjective, the extant copies of Columbus's log are ambiguous, and 
the winds and currents used in the analysis are inappropriate. 
Scientists at the Woods Hole Oceanographic Institution (WHOI) have 
long dealt with the currents and atmospheric conditions which affect the 
world oceans. Data for current and wind that would affect a sailing voy-
age like Columbus's are readily available, actively studied, and continually 
refined. This information could be used to corroborate or refine the work 
already done, particularily as it applied to the transoceanic portion of his 
voyage. 
This paper will look at the effects of the magnetic variation, atmospheric 
wind, and ocean currents as the major factors in the determination of Colum-
bus's track. Some of the smaller effects of time and track determination, 
p~rhaps overlooked or ignored in previous studies, will also be included. 
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Columbus's log and course 
Columbus departed Spain in the late summer of 1492 and proceeded to 
the Canary Islands. He spent several days there, provisioning his three 
vessels and waiting for favorable conditions. Leaving Gomera the morn-
ing of 06 September (by the Julian calendar) he was almost immediately 
becalmed, and remained for two days in San Sebastian roads, the straits 
between Gomera and Tenerife. Then, on the morning of 08 September, the 
renewal of the northwest tradewinds allowed him to begin his transatlantic 
voyage. Columbus himself was aboard the Santa Maria, the largest ship 
of his fleet. The positions recorded in his diary are presumed to be those 
of his flagship, for the captains of the other vessels, in their search for a 
landfall, did not always remain within hailing distance of the Santa Maria. 
The record of the voyage comes from a copy of Columbus's log made by Las 
Casas; the original log which Columbus kept has long been lost. 
At the western end of Columbus's voyage the names associated with 
the landmarks of his era have become confused. The island of landfall was 
originally known as Guahanani by the natives who lived there. Which island 
this is today is the object of investigation. Two prime contenders proposed 
in previous studies are Watling Island and Atwood Island, also known as 
San Salvador and Samana Cay respectively. There are, then, still many 
ambiguities associated with the identification of the first landfall. 
Even though the course sailed by Columbus is well known from copies 
of his log, the resulting track positions are not as equally well understood 
or agreed on by the many investigators. The first uncertainty is where his 
actual position was when he started to make headway on the night of 07-
08 September. Columbus had already been sailing or drifting in very light 
wind for two days, so the exact position at the start time is not precisely 
known. The start time was taken as 0300 on the morning of Saturday, 08 
September, 1492 [see McElroy, 1941]. The time of 0300 on the morning of 
09 September, as stated in the text of the J~dge and Marden article seems 
to be a misprint. To have the voyage starting then is not consistent with the 
log entries and leads to unreasonable sailing speeds for the first watch. For 
the purpose of comparison with previous studies, the start position used in 
this study was taken from McElroy [1941] as 28.005N, 16.992W. 
The questions surrounding the use of compass headings and the actual 
distance in a league have not yet been fully resolved. The basic facts re-
garding the distance and bearing of Columbus's course legs were taken from 
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the translation of his diary. The version of the log used [Marden, 1986b] 
in our analysis is shown in Table 1a. This differs slightly from the course 
given by Marden, Table 1b, in that we have given those portions of days 
sailed on a different heading, their due weight rather than averaging over 
the 24 hour day. The compass headings indicate Columbus used a 32 point 
compass card. This would have divided up the 360 degrees of the compass 
into bearing points 11.25 degrees apart. If Columbus steered, or reported 
the heading, to the nearest compass point, a maximum error of 5.625 de-
grees in course heading might reasonably be expected. As his heading was 
usually due west by the compass, the actual error was probably considerably 
smaller. Apparently Columbus did not attempt to correct for the magnetic 
variation, certainly not in the western half of the voyage where the variation 
was not previously known. Until the original diary is discovered, it will have 
to be assumed that errors in the reported heading are random in nature 
and their cumulative effects will cancel one another. The distance of the 
Spanish and Portuguese league was recently rediscovered by Marden [1986] 
to be 2.819 nautical miles per league; that value was used in this study. 
Some discrepancies were encountered in the translation and interpreta-
tion of the diary by various investigators. Most notable is the difference 
in distance sailed on 23 September; McElroy [1941] gives a distance of 22 
leagues (62 km) while Marden [1986b] uses the value of 27 leagues (76 km). 
The latter value was used in this analysis, although an attempt was made 
to preserve the changes in course heading as stated in the log entry for this 
day. 
Two additional factors which do not seem to have been dealt with in 
previous studies have been included in this analysis. The first is Columbus's 
method of determining speed. Although the speed of vessels in Columbus's 
day was usually determined by a log chip, Columbus relied on his own 
estimate of ship speed. The accuracy of his estimations would depend on 
his knowledge of the conditions such as sea state and wind as well as that of 
his vessel and crew. When Columbus was forced to spend a period of time 
"wearing ship" , or changing course, his reckoning of actual head~ay could 
only be the result of his computation of the projections of the various legs 
along his intended path. 
Further, the distance and bearing were usually summarized for a whole 
watch. The "day" watch for this voyage was determined from a period 
starting about sunrise and ending at sunset. As the vessel track was not far 
from the earth's equator and occured at the time of the autumnal equinox, 
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sunrise was taken to be about 6 am (0600) for this study. The "night" watch 
likewise began at sunset or about 6 pm (1800), and would continue until the 
morning of the next day. As all times were local, depending on the sun 
position, there was a small but significant gain of time as Columbus sailed 
west. Over the course of the 34 day voyage this amounted to an approximate 
0.5 percent increase in the "daily" sailing time. McElroy [1941] thought that 
Columbus was aware of the noon to noon time being more than 24 hours, 
but gives no indication of his allowing for it in the computation of distance 
made good. The analysis presented here will show the effect of this day 
lengthening in the reconstructed course. 
The second factor also relates to time, in this case the season of the voy-
age. Columbus started to make headway on the morning of 08 September, 
a date recorded using the convention of the Julian calendar then in effect. 
The Gregorian calendar system currently in use for most of the world was 
implemented in 1582 when Pope Gregory decreed that the day following 04 
October 1582 should become 15 October 1582. This was done because the 
Julian calendar had become out of step with the actual seasons and solstices 
by ten days. Thus, by the modern calendar, the voyage of Columbus actually 
occured later in the solar season. Because the voyage took place 90 years 
before the adoption of the Gregorian calendar, the dates in the diary have 
been modified by adding nine days. This fact is used in the determination 
of the correct seasonal factors, such as wind and currents, in the analysis 
which follows. All summaries will be listed with the Julian dates used by 
Columbus. 
Magnetic corrections 
The effects of the magnetic pole offset from true north must first be consid-
ered. When Columbus sailed on a course due west by the compass he was 
actually traveling west only with respect to the local magnetic field. fur-
ther, the magnetic pole was not in the sa~e position in 1492 as it is now. 
The deviations from true north must be taken into account to determine the 
actual geographic locations visited by the vessel Santa Maria. 
Figure 1a shows a plot of the isogonic lines for magnetic corrections at 
the approximate time of the Columbus journey. These values were taken 
from a map published by Van Bemmelen in 1899 and shown by McElroy 
[1941]. Values for the corrections were taken at five degree increments, then 
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interpolated to a one degree grid using a bicubic polynomial algorithm. The 
values at the original grid nodes were preserved. McElroy used a correction 
of approximately -1.0 degrees in the region of the Bahamas; grid nodes in 
that area have been assigned values that are consistent with that interpre-
tation and result in the smooth field shown in Figure 1a. For comparison, 
Figure 1b shows the modern (1980) magnetic corrections. This data set was 
prepared in the same manner as described above, using values taken from 
a chart of the North Atlantic Ocean published by the Defense Mapping 
Agency [1982]. 
Wind effects 
The wind was the primary force driving Columbus's ships across the At-
lantic. Columbus showed the good sense to choose the latitudinal band 
where the prevailing winds could generally be relied on to blow westward, 
the direction that he wished to sail. This allowed him to plot a direct course 
and make the most efficient use of the wind. Nevertheless, the wind was not 
always directly astern, and thus there would have been a slight slippage due 
to the force component of the wind acting normal, or perpendicular, to the 
course steered. This leeway affects every vessel, pushing it sideways through 
the water. 
To determine the leeway requires a measure of both the wind velocity 
and its effect on a caravel sailing vessel of the type Columbus used on his 
voyage. The first portion of the track which Columbus followed, in the 
eastern Atlantic, is marked by the northeast trade winds. These winds 
are quite consistent in their direction and speed, although there are slight 
seasonal variations. A study at WHOI on the climate of the North Atlantic 
[Bunker and Goldsmith, 1979; Goldsmith and Bunker, 1979] used several 
million ship of opportunity meteorological observations from the period 1948 
to 1972 to compute monthly climatological averages for many parameters, 
including the wind field. These data were further processed to generate 
monthly averages for the resultant winds at points centered in one degree 
squares [Isemer and Hasse, 1985]. The component wind fields in the region 
of the Columbus track were then processed using a bi-linear interpolation 
algorithm to reconstruct the grid on nodes everyone degree. The speed 
was reconstructed from the vector components to produce an average wind 
field such as may be encountered by a vessel sailing in that region. This 
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procedure was performed for both the September and October data set; the 
resultant wind fields used in the study are shown in Figure 2. Also generated 
was a combined vector average of these two months, producing an autumnal 
wind field (Figure 4b). 
The computation of a vessel's leeway is a function of the wind velocity 
and vessel's course, but also depends on ship design and other parameters. 
For this analysis the leeway was estimated and taken to be a constant 1.4 
percent of the wind component normal to the ship course. This was in close 
agreement with the 1.5 degree leeway used by Marden [19861 in the region 
of the northeast tradewinds. 
Current and drift 
By measuring the difference between the course and the actual track made 
good by modern vessels, the ocean current can be measured. A large number 
of these observations for the years 1875 to 1976 was obtained from the Naval 
Oceanographic Office and analyzed to produce mean climatological current 
fields for the twelve months of the year. These data were vector averaged 
over areas 2 degrees in latitude by 5 degrees in longitude to ensure sufficient 
observations to provide a reliable estimate of the climatological current field 
in the open ocean. These monthly data sets were processed using a bilinear 
interpolation method to produce surface current velocities (direction and 
speeds) for one degree squares in the region of Columbus's track. 
In the region of the Bahama Islands the currents are not nearly so uni-
form as in the mid Atlantic. The currents vary in both speed and direction 
among the many islands. Furthermore, the Gulf Stream, which passes be-
tween the Bahamas and Florida, has speeds an order of magnitude greater 
than those encountered in the mid Atalantic. There are also many more drift 
observations available in this area as it contains frequently traveled shipping 
lanes. Data in the western area bounded by.20N, 30N, 70W, and 80W were 
vector averaged by one degree squares. The resultant field was then used 
in the region of the Bahamas to negate any influence the Gulf Stream may 
have contributed in using the larger 2 x 5 degree averages (Figure 3). 
The use of average currents in this analysis differs from the prevailing 
current speeds taken from monthly pilot charts by Marden. For those charts, 
the average speed appears to have been computed independently of the 
direction, or using only a defined primary directional subset of the total 
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observations available. While the currents in this region are fairly constant, 
vector averages over variations in the direction result in a reduced net speed 
over long climatological time averages. The resultant current speeds were 
generally found to be approximately a third of those shown in the pilot 
charts. 
The current field used in. the analysis of the Columbus voyage are shown 
in Figure 03. As with the wind field analysis, the monthly data sets were 
combined to produce an autumnal current field, shown in Figure 4a. The 
current field indicates that the general circulation of the Atlantic gyre was 
acting to carry Columbus's vessels westward, with only modest southward 
and northward deflections occurring at the beginning and end of the voyage 
respecti vely. 
Analysis 
In recreating the track followed by Columbus, the starting point was taken 
at 28.005N, 16.992W as determined and used by McElroy [1941]. Because 
the diary generally gives the heading and distance sailed for the 24 hour 
day or watch, these values had to be taken as a constant for the period 
being studied. First the heading was corrected to true geographical heading 
by applying the magnetic compass correction. Using this heading, and the 
estimate of the distance made good from the log, the velocity of the vessel 
was calculated. 
The position of the vessel is presumed to be known at the start of the time 
interval and a bilinear interpolation was used to determine the wind speed 
and direction. When monthly average wind component fields were being 
used the correct Gregorian date was used to determine the corresponding 
September or October data set. From the computed wind the component 
normal to the vessel's course was determined. Multiplying this value by 
the leeway correction factor produced a velocity of the leeway and this was 
added to the vessel velocity. 
. In a similar manner the current velocity was determined for the ship 
position and added to the vector summation to obtain the vessel, velocity. 
The distance sailed was determined by multiplying the velocity by the time 
sailed (over the computation interval). When the effects of the progression 
of local noon were being included, the time interval was multiplied by the 
factor 1.0046625. 
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Columbus used "dead reckoning" to navigate his fleet; he combined the 
ship's compass heading, speed, and time of run to determine his "distance 
made good". This may have been done as often as everyone-half hour, 
that being the standard sand glass interval. In our analysis, his navigation 
was duplicated as closely as possible by recomputing a new position every 
one-half hour during the log interval. This reduced some of those effects 
which may have been introduced by the large, 24 hour time intervals in 
the log. The smaller time increments give a better realization of the wind 
and current changes implicit in the one degree squares of environmental and 
magnetic variation data. 
The method used to compute the track positions attempts to duplicate 
the "rhumb line" navigation as much as possible. This was done by comput-
ing the local latitude change and then computing the corresponding change 
of longitude. A great circle track, as would be obtained using spherical 
trigonometry, changes significantly as a function of the computational time 
step. With a small computational time step (one half hour) a great circle 
track approaches the "rhumb line sailing" method in the determination of 
a final position for the time step. This would correspond to a helmsman 
continually adjusting the steering to maintain a constant heading. In recon-
structing the track however, it is worth noting that if one uses the spherical 
trigonometry method and Columbus's log with 24 hour computation inter-
vals, the track termination point is artificially deflected almost 0.4 degrees 
(44 km) southward from that obtained by using the rhumb line positioning. 
For the course in general, great circle solutions are positioned south of those 
positions produced by the rhumb line analysis used in this study. This point 
is very important to the analysis procedure. Columbus did not sail a great 
circle route, the shortest distance to the new world, in part because he did 
not know the actual position of his final destination. 
Results 
Several scenarios were run with this model, applying succesive corrections 
to account for each of the parameters discussed above. A general overview 
of the results is shown in Figure 5 and all cases are summarized in Table 
2. Also included, for comparison, are the track terminations computed by 
McElroy [19411, and Marden [19861. 
Case 1a presents the track of the course as obtained from the log. No cor-
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rections have been made for magnetic variation, current, or wind. The track 
does not approach any land and the endpoint is well north of the general 
area of the Bahamas where a landfall is supposed to have occurred. Correct-
ing for the magnetic variation that was in effect at the time of Columbus's 
voyage (case Ib) moves the termination of the track south southeast 310 
kilometers. This is well short of any land but in the general latitude of the 
Bahamas and midway between two of the potential landing sites, Watling 
Island (San Salvador) and Samana Cay. 
Adding in the effects of the currents displaces the endpoint westward 
about 135 kilometers, consistent with the clockwise circulation in the south-
ern portion of the mid-Atlantic gyre. The current field used in this case 
was the average of the September and October fields and is referred to as 
"autumnal." The endpoint of the track is now in the longitudinal vicinity 
of the Outer Bahamas; the track terminates only 32 kilometers southeast of 
Watling Island. When the leeway effect of the wind is incorporated into the 
model, the endpoint is moved 8 kilometers northwest so that the final track 
termination is only about 25 kilometers southeast of Watling Island. 
While none of these scenarios proves conclusively a specific landfall, they 
all favor a more northerly site, close to that of Watling Island. An addi-
tional point worth noting is that the last watch of the voyage has a definite 
northward component to the track. Columbus's last course was 270 degrees 
(west), but all the major elements, magnetic variation, currents, and winds, 
conspired to push his vessels northward during this final phase of the voyage. 
The magnitude and interactions of the various factors are further examined 
in the following figures. 
Also shown in Figure 5 is the effect of the progression of local noon (case 
Ie). This has been shown applied to the uncorrected track (case la), but 
has also been computed for the fully corrected track and is included in the 
appendix as case If. The extra sailing time gained in the 24.00466 hour 
day results in an additional distance sailed, shifting the termination point 
approximately 25 km westward. The effect is small but not insignificant 
considering the distances between the islands on which Columbus might 
have landed. While the correction for the lengthened day is not used in the 
majority of the remaining scenarios the magnitude of the effect should be 
kept in mind. 
Figure 6 shows the track endpoints using different combinations of the 
wind and current fields. The most remarkable feature in these scenarios is 
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the small variation in position. All cases result in a termination point in 
a region roughly 20 km by 30 km in extent, centered approximately 35 km 
southeast of Watling Island. The tracks reflect a little stronger wind cir-
culation in September, resulting in more northerly velocities in the western 
Atlantic. The October wind field tends to be more zonal and weaker than 
in September. The current field reflects a similar pattern. All tracks favor 
a more northern site for the landfall at Watling Island. 
Figure 7 shows the relative contribution of leeway and current. The 
effect of the current is predominantly longitudinal, reflecting the velocities 
of the southern portion of the Atlantic gyre. The leeway effect of the winds 
is shown to be small in comparison. Figure 8 shows the effect of varying 
the leeway factor. Increasing the leeway factor results in a greater slippage 
in a direction normal to the course. As the leeway factor was increased, 
the termination points were moved to the northwest. The effect of using 
different factors is not as large as that obtained from using the various 
wind fields shown in Figure 6. Figure 8 also illustrates the influence of 
the southeast trade winds in the western half of the Atlantic. These would 
set a vessel northward and offers good proof that Marden should not have 
assumed following winds (and no leeway) west of 40W. 
Figure 9 shows the progressive effects of removing leeway, using a larger 
computation interval, and using great circle positioning. The effect of re-
moving the leeway west of 40W results in a displacement of the termination 
points (from case Id) 22 km to the southeast. Using a computation cy-
cle equal to the time interval between log entries results in another small 
displacement of 9 km in the same direction (case 5c). As discussed ear-
lier, this larger computation interval gives only coarse corrections for winds, 
currents, and magnetic variation. Finally, the track was computed using 
spherical trigonometry for great circle positioning (case 5d). The displace-
ment 35 km to the south demonstrates the positioning errors which may 
accumulate, especially when using the large computation interval. The net 
effect of these scenarios displaces the track. termination over 60 km to the 
south and could lead to the conclusion that Samana Cay is the landfall. 
The uncertainties in the log courses can also have a significant effect 
on the termination point. Using the course from the casebook [Marden, 
1986b] with our autumnal winds and currents and one half hour rhumb line 
positioning, we saw the voyage terminate 3 km east of the sourthern tip of 
Watling Island (case 5e). 
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Figure 10 shows the track from case Id (used as the base for the vari-
ations discussed in the above figures) superimposed on the environmental 
fields. The most dominant of the three major factors is the magnetic vari-
ation. We used Van Bemmelen's (1899) map for compatibility with the 
Marden and McElroy studies. As that map is a key component of several 
Columbus voyage reconstructions, it deserves a closer examination. Van Be-
mmelen refers to a map by Gelcich (1885), and Gelcich cites Schott (1881). 
All three of these authors used Columbus's own observations of magnetic 
variation, made on his first transatlantic voyage. Columbus, or at least the 
extant copies of his log, provides observations relevant to the magnetic vari-
ation on only three occasions - the 13th, 17th, and 30th of September. On 
13 September he logged [Morison, 19631 "This day at the beginning of night 
the compass needles varied to the NW, and in the morning a little to the 
NE." For 17 September the log read" The pilots took the North in order to 
mark it, and found that the compass needles varied to the NW a full point; 
and the mariner's took fright and were troubled and did not say why. The 
Admiral knew it, and ordered that the North be marked again at dawn, 
and they found that the needles were true. The reason was that the star 
appeared to move and not the needles." On 30 September he logged" Also 
at nightfall the compass needles varied to the NW one point and at dawn 
they were right on the Star, whence it appears that the Star moves like the 
other stars, and the needles always point true." 
Thus on both 17 and 30 September the compass read at dusk one point 
(11.25 degrees) westerly variation and at dawn no variation. The difference 
in readings in the evening and morning is due to the apparent daily rotation 
of the North Star which, in the year 1492, was at an angular distance of 
about 3.5 degrees from true north. The best estimate of magnetic varia-
tion for those dates is an average of the evening and morning observations, 
about 5.6 degrees westerly deflection. An estimate for 13 September is more 
difficult to pin down because the actual variation at dusk or dawn is not 
explicitly stated. However, the implied average variation was nearly zero. 
The variation for the 1492 landfall in the Bahamas also remains uncertain; 
Schott (1881) concludes "the delination was very small and probably less 
than 1/4 point west." 
Using these direct observations by Columbus, plus Van Bemmelen's value 
of 3.0E for the Canary Islands and Schotts estimate of 0.0 for the Bahamas, 
we reconstructed the field of magnetic variation along the track of the Santa 
Maria (Figure 11a). The geographic position of the vessel at the time of 
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the observation was based on the results obtained in our case 6d. A field 
of magnetic variation was computed using an algorithm which minimizes 
the curvature of the fitted surface. The resulting field was similar to that 
obtained by Van Bemmelen, but our maximum westerly variation is smaller 
than Van Bemmelen's and shifted to the east. The landfall scenario using 
this field is shifted to the north and lies right on Watling Island (case 6a). 
Although the five values we used reveal the large scale distribution of 
the variation, no observation was made in the mid Atlantic near where 
the maximum westerly variation might have been located. In addition, the 
shape of the field in the region of the Bahamas seems to be mostly conjecture 
and Columbus's observations of the variation are probably accurate to no 
better that a few degrees. We think that the average magnetic field of 1492 
along the track is known to no better than a degree or two, and thus our 
identification of a landfall must be tempered with caution. 
An interesting sidelight of the effect of the magnetic variation is shown 
in Figure llb. This scenario (case 6b) shows approximately what would 
happen if one tried to laboriously follow Columbus's logged courses and 
distances with the present magnetic field (1980). The currents and winds 
have been ignored since if the voyage had gone in this direction the winds 
and hence the vessel speeds would not have been the same as actually en-
countered. The resulting track, when compared to cases 1a and 1b (3a) 
shows how much the magnetic variation influences the termination. A land-
fall would have been made far to the south, near present day Antigua and 
Guadaloupe Islands, and would have occurred on 07 October or earlier if 
the generally westward currents were included in the simulation. 
Conclusions 
The results from this analysis give strong evidence that, when historical 
climatological data are used to correct the course of Columbus's voyage of 
discovery, the track terminates very closely to a landfall at Watling Island 
(San Salvador). Using vector averages for the wind and current fields is 
the more correct approach for reconstructing a one month voyage such as 
Columbus undertook. While the average speed for the current and wind 
may be appropriate for a short period such as a day, the speeds resulting 
from vector averaging give a better model of the mean field likely to be 
encountered over the longer periods of the voyage. It may be argued that 
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Columbus did not have "average" conditions, that the weather may have 
been anomalous. While the diary gives no record of the unusual, the very 
fact that the vector averaging accounts for the unusual makes it appropriate. 
More importantly, use of the mean vector fields for currents and winds 
solves the overshoot problem encountered in previous investigations of Colum-
bus's first landfall. Becaus~ the assumed currents based on speed alone 
pushed the supposed landfall far to the west, investigators have had to in-
corporate some type of "correction" factor, successively shortening the track 
until a landfall in the proper region was encountered. Use of the 2.819 nauti-
cal mile per league conversion factor and the vector averaged fields resulted 
in all scenario tracks terminating in the eastern edge of the Bahamas near 
74W longitude. 
Questions remain which could affect the results computed here. Where 
was the actual starting position? What were the precise headings? How 
accurate is our understanding of the actual 1492 magnetic variation? What 
was the bearing of the land when first sighted? Did the captain immediately 
cast anchor, or did they perhaps sail two leagues before anchoring at 2 am 
on the morning of 12 October? Perhaps the original diary will have to be 
found to answer these questions. What about the post landfall voyages? The 
analysis presented here considers only the transoceanic portion of the voyage. 
The case which Marden presents for subsequent points of contact and cross 
referencing are persuasive and should be carefully weighed. Finally, to verify 
the analysis, the methodology presented here might be extended to cover 
Columbus's voyage back to Spain, or subsequent crossings. 
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Course of Columbus used in study. based on Diary (see Marden. 1986) 
Starting position: 28.005N 16.992W (see McElroy. 1941) 
Starting time: 08 Sep 0300h 
Watch ending Compass Leagues Nautical ki 10- Speed 
Date Time Bear i ng Sai led mi les meters knots 
09 Sep 0600 270.0 9.0 25.37 47.0 0.9~ 
10 Sep 0600 270.0 45.0 126.86 234.9 5.29 
11 Sep 0600 270.0 60.0 169.14 313.2 7.05 
12 Sep 0600 270.0 40.0 112.76 208.8 4.70 
13 Sep 0600 270.0 33.0 93.03 172.3 3.88 
14 Sep 0600 270.0 33.0 93.03 172.3 3.88 
15 Sep 0600 270.0 20.0 56.38 104.4 2.35 
16 Sep 0600 270.0 27.0 76.11 141.0 3.17 
17 Sep 0600 270.0 39.0 109.94 203.6 4.58 
18 Sep 0600 270.0 50.0 140.95 261.0 5.87 
19 Sep 0600 270.0 55.0 155.04 287.1 6.46 
20 Sep 0600 270.0 25.0 70.47 130.5 2.94 
20 Sep 1800 281.2 3.8 10.71 19.8 0.89 
21 Sep 0600 292.5 3.8 10.71 19.8 0.89 
22 Sep 0600 270.0 13.0 36.65 67.9 1.53 
23 Sep 0600 292.5 30.0 84.57 156.6 3.52 
23 Sep 1800 315.0 13.5 38.06 70.5 3.17 
24 Sep 0100 326.2 8.1 22.83 42.3 3.26 
24 Sep 0600 270.0 5.4 15.22 28.2 3.04 
25 Sep 0600 270.0 14.5 40.88 75.7 1.70 
25 Sep 1800 270.0 4.5 12.69 23.5 1.06 
26 Sep 0600 225.0 17.0 47.92 88.8 3.99 
26 Sep 1500 270.0 11.6 32.70 60.6 3.63 
27 Sep 0600 225.0 19.4 54.69 101.3 3.65 
28 Sep 0600 270.0 24.0 67.66 125.3 2.82 
29 Sep 0600 270.0 14.0 39.47 73.1 1.64 
30 Sep 0600 270.0 24.0 67.66 125.3 2.82 
01 Oct 0600 270.0 14.0 39.47 73.1 1.64 
02 Oct 0600 270.0 25.0 70.47 130.5 2.94 
03 Oct 0600 270.0 39.0 109.94 203.6 4.58 
04 Oct 0600 270.0 47.0 132.49 245.4 5.52 
05 Oct 0600 270.0 63.0 177.60 328.9 7.40 
06 Oct 0600 270.0 57.0 160.68 297.6 6.70 
07 Oct 0600 270.0 40.0 112.76 208.8 4.70 
07 Oct 1700 270.0 23.0 64.84 120.1 5.89 
08 Oct 0600 247.5 5.0 14.10 26.1 1.08 
09 Oct 0600 247.5 11.8 33.26 61.6 1.39 
09 Oct 1200 225.0 5.0 14.10 26.1 2.35 
10 Oct 0600 281.2 15.5 43.69 80.9 2.43 
11 Oct 0600 247.5 59.0 166.32 308.0 6.93 
11 Oct 1800 247.5 27.0 76.11 141.0 6.34 
12 Oct 0200 270.0 22.5 63.43 117.5 7.93 
Notes: The converion factor 2.819 nautical mi lea per league 
was used throughout. 
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Table 01b: 
Plotted course of Columbus as taken from Diary (See Marden 1985) 
Starting position: 28.000N 17.00ew 
Starting time: 08 Sep 0300h 
Watch ending Compass Leagues Nautical ki 10- Speed 
Dah Time Bear i ng Sai led miles meters knots 
09 Sep 0S00 270.0 9.0 25.37 47.0 0.94 
10 Sep 0S00 270.0 45.0 12S.8S 234.9 5.29 
11 Sep 0S00 270.0 S0.0 1S9.14 313.2 7.05 
12 Sep 0S00 270.0 40.0 112.7S 208.8 4.70 
13 Sep 0S00 270.0 33.0 93.03 172.3 3.88 
14 Sep 0S00 270.0 33.0 93.03 172.3 3.88 
15 Sep 0S00 270.0 20.0 5S.38 104.4 2.35 
1S Sep 0S00 270.0 27.0 7S.11 141.0 3.17 
17 Sep 0S00 270.0 39.0 109.94 203.S 4.58 
18 Sep 0S00 270.0 50.0 140.95 2S1.0 5.87 
19 Sep 0S00 270.0 55.0 155.04 287.1 S.4S 
20 Sep 0S00 270.0 25.0 70.47 130.5 2.94 
21 Sep 0S00 28S.9 7.5 21.14 39.2 0.88 
22 Sep 0S00 270.0 13.0 3S.S5 S7.9 1.53 
23 Sep 0S00 292.5 30.0 84.57 15S.S 3.52 
24 Sep 0S00 315.0 27.0 7S.11 141.0 3.17 
25 Sep 0S00 270.0 14.5 40.88 75.7 1.70 
2S Sep 0S00 270.0 4.5 12.S9 23.5 0.53 
2S Sep 1800 225.0 17.0 47.92 88.8 3.99 
27 Sep 0S00 270.0 15.5 43.S9 80.9 3.S4 
27 Sep 1800 225.0 15.5 43.S9 80.9 3.S4 
28 Sep 0S00 270.0 24.0 S7.SS 125.3 5.S4 
29 Sep 0S00 270.0 14.0 39.47 73.1 1.S4 
30 Sep 0S00 270.0 24.0 S7.SS 125.3 2.82 
01 Oct 0S00 270.0 14.0 39.47 73.1 1.S4 
02 Oct 0S00 270.0 25.0 70.47 130.5 2.94 
03 Oct 0S00 270.0 39.0 109.94 203.S 4.58 
04 Oct 0S00 270.0 47.0 132.49 245.4 5.52 
05 Oct 0S00 270.0 S3.0 177.S0 328.9 7.40 
0S Oct 0S00 270.0 57.0 1S0.S8 297.S S.70 
07 Oct 0S00 270.0 40.0 112.7S 208.8 4.70 
08 Oct 0S00 270.0 28.0 78.93 14S.2 3.29 
09 Oct 0S00 247.5 11.8 33.2S S1.S 1.39 
09 Oct 1200 225.0 5.0 14.10 2S.1 2.35 
10 Oct 0S00 281.2 15.5 43.S9 80.9 2.43 
11 Oct 0S00 247.5 59.0 1SS.32 308.0 S.93 
11 Oct 1800 247.5 27.0 7S.11 141.0 S.34 
12 Oct 0200 270.0 22.5 S3.43 117.5 7.93 
Notes: The conversion factor 2.819 nautical miles per league 
was use throughout. 
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Table 02: Summary of Track Parameters and Termination 































































Termination Position Compute day magnetic 

































































30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. yes 
30 min. yes 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min.. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
30 min. no 
log time no 
log time no 
log time no 
30 min. no 














































































Note 1: Leeway set to 0.0 west of 40W to match Marden (1986). 
Note 2: Course taken from Casebook, Table 01b (Marden, 1986b) 
linear interpolation. 
Note 3: Magnetic variation recontructed from Columbus's log by a spatial 














spherical trigonometry positioning. 
computation cycle of 30 minutes used. 
computation cycle for time between log entries used. 
van Bemmelen magnetic variation used. 
magnetic variation applied daily (Schott, 1881). 
1980 magnetic variation used. 
magnetic variation recontructed from Columbus's log 
appropriate September or October velocity field used, based on 
corrected Gregorian date. 
average September + October velocity field used. 
September velocity field used for entire voyage. 














































° la) Magnetic variation for year 1500 ad. 
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Track made good between voyage start and end positions is shown. 
Dashed lines indicate westward deflections and are applied as negative 
corrections to the compass bearing to obtain true bearing. (Mercator projection). 
Figure 1a: Magnetic variation, in degrees from true north, for the year 1500, 
from van Bemmelen (1899) as mapped by McElroy (1941). 




° 2a) Mean September wind field 
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Monthly mean wind fields shown at 2 degree subsample. (Mercator projection). 
Figure 2a: Mean wind field for September, from Isemer/Hasse (1985). 
Figure 2b: Mean wind field for October. 
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3a) Mean September current field 0.4 m/sec 
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Taken from historical shipdrift analysis (Mercator projection). 
Figure 3a: Mean current field for September. 
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Figure 4a: Mean autumnal current field, from historical shipdrift analysis. 
Figure 4b: Mean autumnal wind field, from Isemer/Hasse (1985). 
Figure 5: Scenario Endpoints for Columbus Voyage 
Chart shows the endpoints of the track as 
successive corrections are applied. The dashed 
lines represent the track for the final day of 
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Figure 6: Effect of Various Current and Wind 
Fields on Columbus Track Termination 
24.5~--------------------------------------~ 
24.0 
• a) Autumnal current, autumnal wind 
• b) Autumnal current, monthly wind 
o c) Monthly current, monthly wind 
o d) Monthly current, autumnal wind 
6. e) Sept. current, Sept. wind 
'V f) Oct. current, Oct. wind 
Watling Island 









Track endpoints as determined by various current and 
wind fields. 'Autumnal' means average over September 
and October - 'monthly' means the September field was 
used for the corrected Gregorian date September portion 
of the voyage, October fields for October dates. All 





Figure 7: Effect of Wind and Current 
Fields on Columbus Track Termination 
Track endpoints showing relative influence of mean autumnal(September and Octobed wind and current fields. Magnetic 
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Figure 8: Effect of Varying Leeway Factor 
on Columbus Track Termination 
24.5~----------------------------------~ 
24.0 
Track was corrected for magnetic variation 
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Figure 9: Limited Leeway and Positioning 
Effects on Columbus Track Termination 
Cumulative effects on track endpoints by removing leeway west of 40W, using 
24 hour computation interval, and great circle positioning. All cases use 
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lOa) Magnetic variation for 1500 ad. 
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Figures 10: Best corrected track shown through environment fields. Vector fields are 
shown subsampled every two degrees. Magnetic field taken from 
van Bemmelen (1899); dashed lines are westward deflections, in degrees. 
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Figure 11~: Magnetic variation (degrees from true north) for the year 1492, constructed 
from the three observations recorded by Columbus along his track. 
The value 3.0 for the Canary Islands is from Van Bemmelen (1899); 
the value for the Bahamas (0.0) is from Schott (1881). 
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Figure 11 b: 
Hypothetical track superimposed on the 1980 magnetic variation field. 
No current or wind fields were used. Magnetic field was taken from Defense Mapping 
Agency chart WOAGN12 (1982). Dashed lines are westward deflections (negative corrections). 
Appendix 
CASE SCENARIO SUMMARIES 
32 
Case 01a Course: Columbus log from Marden 
Positioning: rhumbline 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: not used 
Current field: not used 
Wind field: not used Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 




















































































































































































































































































































Notes: Magnetic field measurements are in degrees: westward deflections are negative. 
AI I positions are in degrees, north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded in Columbus's log, Julian calendar. 
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Case 01b: Course: Columbus log from Marden 
Pos i t ion i ng: rhumb line 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: not used 
Wind field: not used Leeway w'lnd factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.9 270.9 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.4 269.6 
270.0 -1.1 268.9 
270.0 -2.1 267.9 
270.0 -3.3 266.7 
270.0 -3.8 266.2 
281.2 -3.9 277.3 
292.5 -4.0 288.5 
270.0 -4.3 265.7 
292.5 -5.2 287.3 
315.0 -5.5 309.5 
326.2 -5.8 320.4 
270.0 -5.9 264.1 
270.0 -6.2 263.8 
270.0 -6.3 263.7 
225.0 -6.3 218.7 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.7 263.3 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.4 262.6 
270.0 -7.5 262.5 
270.0 -7.6 262.4 
270.0 -7.5 262.5 
270.0 -6.9 263.1 
270.0 -5.2 264.8 
270.0 -4.0 266.0 
270.0 -3.3 266.7 
247.5 -3.1 244.4 
247.5 -2.7 244.8 
225.0 -2.5 222.5 
281.2 -2.1 279.1 
247.5 -0.4 247.1 
247.5 0.2 247.7 





























































































































































































































Notes: Magnetic field measurements are In degrees; westward deflections are negative. 
All positions are In degrees, north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
All dates are as recorded in Columbus's log, Julian calendar. 
34 
Case 01c: Course: Columbus log from ~arden 
Positioning: rhumbline 
Computation interval: 30 minutes 
Day lengthening: not used 
~agnetic correction: van Bemmelen for 1500 ad. 
Current field: autumnal 
Wind field: not used Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28. 005N 16.992W 
Starting Day/time: 08 0300 
~on Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
~ag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.2 267.8 
270.0 -3.4 266.6 
270.0 -3.9 266.1 
281.2 -4.0 277.2 
292.5 -4.2 288.3 
270.0 -4.5 265.5 
292.5 -5.3 287.2 
315.0 -5.7 309.3 
326.2 -5.9 320.3 
270.0 -6.1 263.9 
270.0 -6.4 263.6 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.6 263.4 
225.0 -6.5 218.5 
270.0 -6.8 263.2 
270.0 -7.0 263.0 
270.0 -7.3 262.7 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -7.3 262.7 
270.0 -6.3 263.7 
270.0 -4.5 265.5 
270.0 -3.3 266.7 
270.0 -2.7 267.3 
247.5 -2.5 245.0 
247.5 -2.1 245.4 
225.0 -1.9 223.1 
281.2 -1.5 279.7 
247.5 0.1 247.6 
247.5 0.5 248.0 





























































































































































































































Notes: ~agneti,c field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees, north and east being positive from the equator 
and Greenwich ~eridlan respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded In Columbus's log, Julian calendar. 
35 
Case 01d: Course: Columbus log from Marden 
Positioning: rhumbline 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: autumnal 
Wind field: autumnal Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Do Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.1 267.9 
270.0 -3.3 266.7 
270.0 -3.9 266.1 
281.2 -4.0 277.2 
292.5 -4.1 288.4 
270.0 -4.4 265.6 
292.5 -5.2 287.3 
315.0 -5.6 309.4 
326.2 -5.8 320.4 
270.0 -6.0 264.0 
270.0 -6.3 263.7 
270.0 -6.4 263.6 
225.0 -6.3 218.7 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.7 263.3 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -7.4 262.6 
270.0 -7.3 262.7 
270.0 -6.2 263.8 
270.0 -4.5 265.5 
270.0 -3.3 266.7 
270.0 -2.7 267.3 
247.5 -2.5 245.0 
247.5 -2.0 245.5 
225.0 -1.9 223.1 
281.2 -1.5 279.7 
247.5 0.1 247.6 
247.5 0.6 248.1 





























































































































































































































Notes: Magnetic field measurements are In degrees; westward deflections are negative. 
All positions are in degrees. north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
All dates are as recorded in Columbus's log. Julian calendar. 
36 
Case 01e: Course: Columbus log from Marden 
Positioning: rhumbline 
Computation' interval: 30 minutes 
Day lengthening: used 
Magnetic correction: not used 
Current field: not used 
Wind field: not used Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 




















































































































































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees, north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
All dates are as recorded in Columbus's log, Julian calendar. 
37 
Case 01f: Course: Columbus log from Marden 
Positioning: rhumbline 
Computation interval: 30 minutes 
Day lengthening: used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: autumnal 
Wind field: autumnal Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28. 005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.2 267.8 
270.0 -3.4 266.6 
270.0 -3.9 266.1 
281.2 -4.0 277.2 
292.5 -4.1 288.4 
270.0 -4.4 265.6 
292.5 -5.3 287.2 
315.0 -5.6 309.4 
326.2 -5.9 320.3 
270.0 -6.0 264.0 
270.0 -6.3 263.7 
270.0 -6.4 263.6 
225.0 -6.4 218.6 
270.0 -6.6 263.4 
225.0 -6.4 218.6 
270.0 -6.8 263.2 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.3 262.7 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -7.3 262.7 
270.0 -6.1 263.9 
270.0 -4.4 265.6 
270.0 -3.2 266.8 
270.0 -2.5 267.5 
247.5 -2.3 245.2 
247.5 -1.9 245.6 
225.0 -1.7 223.3 
281.2 -1.4 279.8 
247.5 0.2 247.7 
247.5 0.6 248.1 


























































































































































































































24. 1 83 -72. 115 
23.737 -73.444 
23.768 -74.620 
Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
All positions are in degrees, north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 




Case 01g: Course: Columbus log from Marden 
Positioning: rhumbline 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: monthly 
Wind field: not used Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28. 005N 16.992W 
Startihg Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.2 267.8 
270.0 -3.4 266.6 
270.0 -4.0 266.0 
281.2 -4.1 277.1 
292.5 -4.2 288.3 
270.0 -4.5 265.5 
292.5 -5.3 287.2 
315.0 -5.7 309.3 
326.2 -5.9 320.3 
270.0 -6.1 263.9 
270.0 -6.4 263.6 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.6 263.4 
225.0 -6.5 218.5 
270.0 -6.8 263.2 
270.0 -7.0 263.0 
270.0 -7.3 262.7 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -6.2 263.8 
270.0 -4.5 265.5 
270.0 -3.3 266.7 
270.0 -2.6 267.4 
247.5 -2.4 245.1 
247.5 -2.0 245.5 
225.0 -1.8 223.2 
281.2 -1.5 279.7 
247.5 0.1 247.6 
247.5 0.6 248.1 





























































































































































































































Notes: Magnetic field measurements are In degrees; westward deflections are negative. 
All positions are in degrees, north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded in Columbus's log, Julian calendar. 
39 
Case 01h: Course: Columbus log from Marden 
Positioning: rhumbline 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: monthly 
Wind field: monthly Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Do Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600. 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.1 267.9 
270.0 -3.3 266.7 
270.0 -3.9 266.1 
281.2 -4.0 277.2 
292.5 -4.1 288.4 
270.0 -4.4 265.6 
292.5 -5.2 287.3 
315.0 -5.6 309.4 
326.2 -5.8 320.4 
270.0 -6.0 264.0 
270.0 -6.3 263.7 
270.0 -6.4 263.6 
225.0 -6.3 218.7 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.7 263.3 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -6.1 263.9 
270.0 -4.4 265.6 
270.0 -3.2 266.8 
270.0 -2.6 267.4 
247.5 -2.4 245.1 
247.5 -2.0 245.5 
225.0 -1.8 223.2 
281.2 -1.4279.8 
247.5 0.1 247.6 
247.5 0.6 248.1 





























































































































































































































Notes: Magnetic field measurements are In degrees; westward deflections are negative. 
All positions are in degrees, north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
All dotes are as recorded In Columbus's log, Julian calendar. 
40 
Case 02b: Course: Columbus log from Marden 
Positioning: rhumbline 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: autumnal 
Wind field: monthly Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct "11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.4 269.6 
270.0 -1.1 268.9 
270.0 -2.1 267.9 
270.0 -3.3 266.7 
270.0 -3.8 266.2 
281.2 -3.9 277.3 
292.5 -4.0 288.5 
270.0 -4.3 265.7 
292.5 -5.2 287.3 
315.0 -5.6 309.4 
326.2 -5.8 320.4 
270.0 -5.9 264.1 
270.0 -6.2 263.8 
270.0 -6.3 263.7 
225.0 -6.3 218.7 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.7 263.3 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.2 262.8 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -6.2 263.8 
270.0 -4.5 265.5 
270.0 -3.3 266.7 
270.0 -2.6 267.4 
247.5 -2.4 245.1 
247.5 -2.0 245.5 
225.0 -1.8 223.2 
281.2 -1.5 279.7 
247.5 0.1 247.6 
247.5 0.6 248.1 





























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I pos"tions are in degrees. north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded in Columbus's log. Julian calendar. 
41 
Case 02d: Course: Columbus log from Marden 
Positioning: rhumbl ine 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: monthly 
Wind field: autumnal Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28. 005N 16.992W 
Starti~g Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 060a' 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.2 267.8 
270.0 -3.4 266.6 
270.0 -3.9 266.1 
281.2 -4.0 277.2 
292.5 -4.1 288.4 
270.0 -4.4 265.6 
292.5 -5.2 287.3 
315.0 -5.6 309.4 
326.2 -5.9 320.3 
270.0 -6.0 264.0 
270.0 -6.3 263.7 
270.0 -6.4 263.6 
225.0 -6.3 218.7 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.7 263.3 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.3 262.7 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -7.3 262.7 
270.0 -6.2 263.8 
270.0 -4.4 265.6 
270.0 -3.3 266.8 
270.0 -2.6 267.4 
247.5 -2.4 245.1 
247.5 -2.0 245.5 
225.0 -1.8 223.2 
281.2 -1.4279.8 
247.5 0.1 247.6 
247.5 0.6 248.1 





























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees. north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded in Columbus's log. Julian calendar. 
42 
Case 02e: Course: Columbus log from Marden 
Positioning: rhumbl ine 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: September 
Wind field: September Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.1 267.9 
270.0 -3.3 266.7 
270.0 -3.9 266.1 
281.2 -4.0 277.2 
292.5 -4.1 288.4 
270.0 -4.4 265.6 
292.5 -5.2 287.3 
315.0 -5.6 309.4 
326.2 -5.8 320.4 
270.0 -6.0 264.0 
270.0 -6.3 263.7 
270.0 -6.4 263.6 
225.0 -6.3 218.7 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.7 263.3 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.3 262.7 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -7.3 262.7 
270.0 -6.3 263.7 
270.0 -4.6 265.4 
270.0 -3.4 266.6 
270.0 -2.7 267.3 
247.5 -2.5 245.0 
247.5 -2.1 245.4 
225.0 -1.9 223.1 
281.2 -1.6 279.6 
247.5 0.0 247.5 
247.5 0.5 248.0 






























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
All pos.itions are in degrees, north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded in Columbus's log, Jul ian calendar. 
43 
Case 02f: Course: Columbus log from Marden 
Positioning: rhumbl ine 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: October 
Wind field: October Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28. 005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800. 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.4 269.6 
270.0 -1.1 268.9 
270.0 -2.1 267.9 
270.0 -3.3 266.7 
270.0 -3.9 266.1 
281.2 -4.0 277.2 
292.5 -4.1 288.4 
270.0 -4.4 265.6 
292.5 -5.2 287.3 
315.0 -5.6 309.4 
326.2 -5.8 320.4 
270.0 -6.0 264.0 
270.0 -6.3 263.7 
270.0 -6.4 263.6 
225.0 -6.3 218.7 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.7 263.3 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -7.4 262.6 
270.0 -7.3 262.7 
270.0 -6.2 263.8 
270.0 -4.4 265.6 
270.0 -3.2 266.8 
270.0 -2.6 267.4 
247.5 -2.4 245.1 
247.5 -2.0 245.5 
225.0 -1.8 223.2 
281.2 -1.4279.8 
247.5 0.1 247.6 
247.5 0.6 248.1 





























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees. north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded in Columbus's log. Julian calendar. 
44 
Case 04b: Course: Columbus log from Marden 
Positioning: rhumbline 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: autumnal 
Wind field: autumnal Leeway wind factor: 0.005 
Starting latitude/Longitude position: 28. 005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.2 267.8 
270.0 -3.4 266.6 
270.0 -3.9 266.1 
281.2 -4.0 277.2 
292.5 -4.1 288.4 
270.0 -4.4 265.6 
292.5 -5.3 287.2 
315.0 -5.6 309.4 
326.2 -5.9 320.3 
270.0 -6.0 264.0 
270.0 -6.3 263.7 
270.0 -6.4 263.6 
225.0 -6.4 218.6 
270.0 ~6.6 263.4 
225.0 -6.4 218.6 
270.0 -6.8 263.2 
270.0 -7.0 263.0 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -7.3 262.7 
270.0 -6.2 263.8 
270.0 -4.5 265.5 
270.0 -3.3 266.7 
270.0 -2.7 267.3 
247.5 -2.5 245.0 
247.5 -2.0 245.5 
225.0 -1.9 223.1 
281.2 -1.5 279.7 
247.5 0.1 247.6 
247.5 0.6 248.1 





























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees. north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
All dates are as recorded in Columbus's log. Julian calendar. 
45 
Case 04c: Course: Columbus log from Marden 
Pos i t ion i ng: rhumb line 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: autumnal 
Wind field: autumanl Leeway wind factor: 0.010 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.2 267.8 
270.0 -3.4 266.6 
270.0 -3.9 266.1 
281.2 -4.0 277.2 
292.5 -4.1 288.4 
270.0 -4.4 265.6 
292.5 -5.2 287.3 
315.0 -5.6 309.4 
326.2 -5.9 320.3 
270.0 -6.0 264.0 
270.0 -6.3 263.7 
270.0 -6.4 263.6 
225.0 -6.3 218.7 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.7 263.3 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.3 262.7 
270.0 -7.4 262.6 
270.0 -7.4 262.6 
270.0 -7.3 262.7 
270.0 -6.2 263.8 
270.0 -4.5 265.5 
270.0 -3.3 266.7 
270.0 -2.7 267.3 
247.5 -2.5 245.0 
247.5 -2.0 245.5 
225.0 -1.9 223.1 
281.2 -1.5 279.7 
247.5 0.1 247.6 
247.5 0.6 248.1 





























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees. north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded in Columbus's log. Julian calendar. 
46 
Case 04f: Course: Columbus log from Marden 
Pos i t ion i ng: rhumb line 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: autumnal 
Wind field: autumnal Leeway wind factor: 0.020 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.4 269.6 
270.0 -1.1 268.9 
270.0 -2.1 267.9 
270.0 -3.3 266.7 
270.0 -3.8 266.2 
281.2 -3.9 277.3 
292.5 -4.0 288.5 
270.0 -4.3 265.7 
292.5 -5.2 287.3 
315.0 -5.6 309.4 
326.2 -5.8 320.4 
270.0 -5.9 264.1 
270.0 -6.2 263.8 
270.0 -6.3 263.7 
225.0 -6.3 218.7 
270.0 -6.5 263.5 
225.0 -6.4 218.6 
270.0 -6.7 263.3 
270.0 -6.9 263.1 
270.0 -7.2 262.8 
270.0 -7.2 262.8 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -7.3 262.7 
270.0 -6.2 263.8 
270.0 -4.5 265.5 
270.0 -3.3 266.7 
270.0 -2.7 267.3 
247.5 -2.4 245.1 
247.5 -2.0 245.5 
225.0 -1.9 223.1 
281.2 -1.5 279.7 
247.5 0.1 247.6 
247.5 0.6 248.1 





























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
All positions are in degrees, north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
All dates are as recorded in Columbus's log, Julian calendar. 
47 
Case 05d: Course: Columbus log from Marden 
Positioning: spherical trigonometry 
Computation interval: from log. generally 24 hours 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: autumnal 
Wind field: autumnal Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.5 272.5 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.4 269.6 
270.0 -1.1268.9 
270.0 -2.1 267.9 
270.0 -3.3 266.7 
281.2 -3.8 277.4 
292.5 -3.9 288.6 
270.0 -4.0 266.0 
292.5 -4.3 288.2 
315.0 -5.2 309.8 
326.2 -5.6 320.6 
270.0 -5.8 264.2 
270.0 -5.9 264.1 
270.0 -6.2 263.8 
225.0 -6.3 218.7 
270.0 -6.2 263.8 
225.0 -6.5 218.5 
270.0 -6.3 263.7 
270.0 -6.6 263.4 
270.0 -6.8 263.2 
270.0 -7.1 262.9 
270.0 -7.2 262.8 
270.0 -7.2 262.8 
270.0 -7.2 262.8 
270.0 -7.1 262.9 
270.0 -6.0 264.0 
270.0 -4.2 265.8 
270.0 -3.1 266.9 
247.5 -2.4 245.1 
247.5 -2.3 245.2 
225.0 -1.9 223.1 
281.2 -1.7 279.5 
247.5 -1.4246.1 
247.5 0.1 247.6 





























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees. north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded in Columbus's log. Julian calendar. 
48 
Case 05e: Course: Marden casebook [Marden. 1986b] 
Positioning: rhumbline 
Computation interval: log period 
Day lengthening: not used 
Magnetic correction: van Bemmelen for 1500 ad. 
Current field: autumnal 
Wind field: autumnal Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.000N 17.000W 
Starting Day/time: 08 0300 
Mon Do Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 24 0600 
Sep 25 0600 
Sep 26 0600 
Sep 26 1800 
Sep 27 0600 
Sep 27 1800 
Sep 28 0600 
Sep 29 0600 
Sep 300600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.5 272.5 
270.0 2.4 272.4 
270.0 2.0 272.0 
270.0 1.3 271.3 
270.0 0.8 270.8 
270.0 0.5 270.5 
270.0 0.1 270.1 
270.0 -0.1 269.9 
270.0 -0.5 269.5 
270.0 -1.2 268.8 
270.0 -2.2 267.8 
270.0 -3.4 266.6 
286.9 -3.9 283.0 
270.0 -4.1 265.9 
292.5 -4.4 288.1 
315.0 -5.3 309.7 
270.0 -6.1 263.9 
270.0 -6.4 263.6 
225.0 -6.5 218.5 
270.0 -6.4 263.6 
225.0 -6.7 218.3 
270.0 -6.6 263.4 
270.0 -6.9 263.1 
270.0 -7.1 262.9 
270.0 -7.4 262.6 
270.0 -7.5 262.5 
270.0 -7.5 262.5 
270.0 -7.6 262.4 
270.0 -7.5 262.5 
270.0 -6.3 263.7 
270.0 -4.5 265.5 
270.0 -3.3 266.7 
247.5 -2.5 245.0 
225.0 -2.1 222.9 
281.2 -1.9 279.3 
247.5 -1.5 246.0 
247.5 0.1 247.6 









































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees. north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
All dates are as recorded in Columbus's log. Julian calendar. 
49 
Case 06a: Course: Columbus log from Marden 
Pos it ion i ng: rhumb line 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: field from Columbus 1492 observations 
Current field: autumnal 
Wind field: autumnal Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 2.9 272.9 
270.0 2.4 272.4 
270.0 1.4271.4 
270.0 0.7 270.7 
270.0 0.2 270.2 
270.0 -0.3 269.7 
270.0 -1.2 268.8 
270.0 -2.3 267.7 
270.0 -4.0 266.0 
270.0 -5.6 264.4 
270.0 -5.5 264.5 
270.0 -5.3 264.7 
281.2 -5.3 275.9 
292.5 -5.3 287.2 
270.0 -5.2 264.8 
292.5 -5.2 287.3 
315.0 -5.3 309.7 
326.2 -5.3 320.9 
270.0 -5.3 264.7 
270.0 -5.3 264.7 
270.0 -5.4 264.6 
225.0 -5.4 219.6 
270.0 -5.5 264.5 
225.0 -5.5 219.5 
270.0 -5.6 264.4 
270.0 -5.6 264.4 
270.0 -5.6 264.4 
270.0 -5.6 264.4 
270.0 -5.6 264.4 
270.0 -5.5 264.5 
270.0 -5.2 264.8 
270.0 -4.0 266.0 
270.0 -2.3 267.7 
270.0 -1.2 268.8 
270.0 -0.6 269.4 
247.5 -0.5 247.0 
247.5 -0.3 247.2 
225.0 -0.3 224.7 
281.2 -0.1281.1 
247.5 0.0 247.5 
247.5 0.0 247.5 





























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees. north and east being positive from the equator 
and Greenwich Meridian respectively. 
Normal winds are in meters/sec. 
AI I dates are as recorded in Columbus's log. Jul ian calendar. 
50 
Case 06b: Course: Columbus log from Marden 
Positioning: rhumbl ine 
Computation interval: 30 minutes 
Day lengthening: not used 
Magnetic correction: Defense Mapping Agency for 1980 ad. 
Current field: not used 
Wind field: not used Leeway wind factor: 0.014 
Starting latitude/Longitude position: 28.005N 16.992W 
Starting Day/time: 08 0300 
Mon Da Time 
Sep 09 0600 
Sep 10 0600 
Sep 11 0600 
Sep 12 0600 
Sep 13 0600 
Sep 14 0600 
Sep 15 0600 
Sep 16 0600 
Sep 17 0600 
Sep 18 0600 
Sep 19 0600 
Sep 20 0600 
Sep 20 1800 
Sep 21 0600 
Sep 22 0600 
Sep 23 0600 
Sep 23 1800 
Sep 24 0100 
Sep 24 0600 
Sep 25 0600 
Sep 25 1800 
Sep 26 0600 
Sep 26 1500 
Sep 27 0600 
Sep 28 0600 
Sep 29 0600 
Sep 30 0600 
Oct 01 0600 
Oct 02 0600 
Oct 03 0600 
Oct 04 0600 
Oct 05 0600 
Oct 06 0600 
Oct 07 0600 
Oct 07 1700 
Oct 08 0600 
Oct 09 0600 
Oct 09 1200 
Oct 10 0600 
Oct 11 0600 
Oct 11 1800 
Oct 12 0200 
Course 
Mag Var True 
270.0 -10.9 259.1 
270.0 -11.8 258.2 
270.0 -13.1 256.9 
270.0 -13.8 256.2 
270.0 -14.5 255.5 
270.0 -15.1 254.9 
270.0 -15.4 254.6 
270.0 -15.9 254.1 
270.0 -16.4 253.6 
270.0 -17.1 252.9 
270.0 -17.6 252.4 
270.0 -17.9 252.1 
281.2 -17.9 263.3 
292.5 -17.9 274.6 
270.0 -18.0 252.0 
292.5 -18.1 274.4 
315.0 -18.2 296.8 
326.2 -18.2 308.0 
270.0 -18.3 251.7 
270.0 -18.3 251.7 
270.0 -18.3 251.7 
225.0 -18.2 206.8 
270.0 ~18.2 251.8 
225.0 -18.2 206.8 
270.0 -18.1 251.9 
270.0 -18.0 252.0 
270.0 -17.8 252.2 
270.0 -17.7 252.3 
270.0 -17.5 252.5 
270.0 -17.1 252.9 
270.0 -16.5 253.5 
270.0 -15.2 254.8 
270.0 -13.7 256.3 
270.0 -12.5 257.5 
270.0 -11.8 258.2 
247.5 -11.6 235.9 
247.5 -11.3 236.2 
225.0 -11.1 213.9 
281.2 -10.7 270.5 
247.5 -8.7 238.8 
247.5 -7.8 239.7 





























































































































































































































Notes: Magnetic field measurements are in degrees; westward deflections are negative. 
AI I positions are in degrees, north and east being positive from the equator 
and Creenwich Meridian respectively. 
Normal winds are in meters/sec. 
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